The unprecedented and growing number of older adults in the US and other developed countries has crystallized scientific interest in the health consequences of aging. Perhaps the most feared of these consequences is Alzheimer's disease (AD). As the leading cause of dementia, AD not only extracts a terrible toll from patients and their families but is an enormous public health burden, with annual costs in the US alone approaching 100 billion dollars. The major risk factor for AD is living longer; AD prevalence doubles every 5 years after age 65 and approaches 50% by age 85 (1) . Some epidemiologists report that the prevalence of AD continues to increase in the very old and conclude that "AD ... may become universal when age is sufficiently advanced" (2) . As we enter the 21st century with increasing life expectancies, the obvious question becomes, "If we live long enough, will we all be demented?" (3) . Although this question cannot be definitely resolved at present, accumulating evidence suggests that not all of us will.
Before reviewing the data that led me to consider aging and AD as discrete rather than continuous processes, I should acknowledge 3 biases. First, I believe that for studies of cognitive aging, longitudinal study designs are preferable to cross-sectional designs, which may be confounded by cohort effects that overestimate age-associated decline. A lower cognitive test score for an 85-year-old in comparison with that of a 65-year-old, for example, may reflect generational differences in education rather than an age effect. Although longitudinal studies also have biases (e.g., nonrepresentative samples and selective attrition tend to overestimate cognitive ability), they permit repeated observations of the same individual and allow optimal performance to be observed. Using this approach, recent studies reveal little or no cognitive decline for the large majority of elderly individuals (4) (5) (6) , in contrast to previous cross-sectional studies that found decreasing performance with age. My second bias is that ageism colors our expectations for what is normal at a given age. Too often, ageism may mask disease by accepting cognitive and functional decline as a natural consequence of aging, as when someone exclaims, "He's doing fine ... for age 90!" It is important to recognize that diseases that accompany aging may be responsible for much of the impairment attributed to age alone (7, 8) . Finally, I believe that sensitive clinical assessment methods are necessary to identify truly nondemented elderly individuals. Cognitive tests commonly are used to screen elderly persons for dementia but may fail to detect early impairment, particularly in high-functioning individuals and those who are well educated. Reliance on cognitive tests alone thus may result in control samples that are contaminated with individuals who have unrecognized very mild dementia. We and others use the observations of an informant to obtain the critical diagnostic information as to whether or not an individual has declined in cognitive ability relative to their past performance. We find that informants are sensitive to the earliest symptoms of AD, even when cognitive test performance is "normal" (9, 10), and also may help distinguish those individuals currently labeled with "mild cognitive impairment" (11) who have incipient AD from those with nondementing conditions.
We have been studying individuals without detectable cognitive impairment at Washington University since 1979, using both clinical and psychometric assessments. The clinical protocol incorporates interviews with both the subject and an informant to obtain information sufficient to derive a Clinical Dementia Rating (CDR) for the subject, where CDR = 0 indicates no dementia and CDR = 0.5, 1, 2, or 3 indicates very mild, mild, moderate, or severe dementia, respectively. The psychometric Is Alzheimer's disease inevitable with age?
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Figure 1
Principal-components analysis of psychometric test scores yielded a general factor of cognitive ability in nondemented elderly subjects, where the mean performance level is represented by a factor score of 0. Factor scores from 3 of these subjects with different baseline levels of cognitive ability are shown by age at each annual assessment and show relative stability of performance. Reproduced with permission from Lippincott Williams & Wilkins (21) .
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Perspective battery includes measures of verbal and nonverbal episodic memory, semantic memory, speeded psychomotor performance, executive function, and visuospatial abilities. For those subjects who remain nondemented (CDR = 0), cognitive performance on these tests has shown no appreciable decline when measured annually for 15 years up to age 90 (Figure 1 ) (4). Similar cognitive stability has been demonstrated in single-site (7) and multicenter (5) studies of nondemented older adults who were identified with similar assessment methods, including the CDR. A caveat for these data is that they reflect a subset of older adults who are aging "successfully," and thus the findings cannot easily be extrapolated to the general elderly population. The appearance of cognitive stability, moreover, does not exclude the possibility that minor age-related cognitive declines occurred but were overcome by learning or practice effects. Nonetheless, the prevailing notion of inevitable cognitive deterioration with advancing age needs re-examination in light of the finding that when even very mild dementia is carefully excluded, the cognitive abilities of healthy older adults generally remain intact well into the ninth decade of life.
Quantitative postmortem studies also support the concept that healthy brain aging is possible. For example, brains from our control subjects (carefully determined to be truly nondemented during life) up to age 89 years show little, if any, neocortical pathology (9, 12) . In contrast, subjects just at the earliest symptomatic stages of AD (corresponding to a CDR score of 0.5) already display abundant β-amyloid-containing senile plaques (SPs) throughout the neocortex. Similar distinctions between normal aging and AD have been reported by others (13, 14) . Both our healthy control (CDR = 0) and very mildly demented (CDR = 0.5) subjects had neurofibrillary tangles (NFTs) in limbic regions, particularly the CA1 region of the hippocampus and the entorhinal cortex, but virtually none outside of the temporal lobe (15) . Neurons of the entorhinal cortex are in a critical path for neural systems that subserve memory and are highly vulnerable in AD. It is notable, therefore, that using unbiased stereological techniques in brains from our nondemented subjects, no decrement with age was observed in entorhinal neuronal number between the sixth and ninth decades of life, whereas a 32% reduction from control values already had occurred in very mildly demented (CDR = 0.5) subjects (16) . The absence of neocortical NFTs and SPs and the preservation of entorhinal neurons in nondemented controls contrast with the increase in neocortical SP density and the dramatic entorhinal neuronal loss in subjects just at the earliest detectable stage of AD. These findings provide pathoanatomical evidence that aging and AD are not part of a continuum.
Further investigations with larger numbers of nondemented control subjects revealed that AD may be present neuropathologically but was not associated with clinically detectable cognitive change during life (17, 18) . J. Price from our center recently reported neuromorphometric data in 39 control (CDR = 0) subjects who were age 51-93 years at death, in comparison with similar data from AD subjects who died at different stages of dementia severity (19) . At least a few NFTs were present in all nondemented subjects in the entorhinal and perirhinal cortical areas and in hippocampal field CA1 and appeared to increase in density as a function of age; a very few NFTs also were present in inferior temporal and orbital cortex in the older controls. Very mildly demented (CDR = 0.5) AD subjects had greater NFT densities than did nondemented (CDR = 0) subjects in the same vulnerable areas and had slightly more NFTs in neocortex. A similar distribution for NFTs was observed in severely demented AD subjects, but neocortical densities were much greater. Tangle density thus followed a predictable pattern of burden and distribution from aging to AD. Three different patterns of SP densities, however, marked the controls. One pattern included all subjects younger than 75 years of age and about one third of the older subjects (up to 88 years) and consisted of the absence of SPs from the entire neocortex. The second pattern, in approximately 40% of subjects older than 75 years, showed a few SPs (all diffuse) limited to patches in the neocortex. The remaining pattern was found in about 25-30% of control subjects older than 75 years and featured extensive diffuse and neuritic SPs distributed throughout the neocortex.
Our synthesis of these findings is shown in Figure 2 . NFTs appear in vulnerable brain regions as a function of age and are not associated with neuronal loss (16, 20) . The presence of extensive SPs appears to accelerate the base rate of age-dependent NFT formation, which is associated with neuronal degeneration and death and correlates with the first clinical recognition of AD (CDR = 0.5). We propose that the beginning of AD occurs with the deposition of β-amyloid in the form of large numbers of SPs. The presence of SPs exacerbates neurofibrillary degeneration and culminates in neuronal dysfunction and death, which, in turn, leads to the appearance of clinical symptoms. Preclinical AD, which affects perhaps 25% of cognitively normal individuals older than the age of 75 years, is present when death comes after SP formation but before sufficient neuronal loss has occurred to produce even very mild dementia.
Many questions remain. Does the frequency of preclinical and clinical AD increase in nonagenarians and centenarians? Does the presence of a few patchy neocortical SPs represent a still earlier stage of preclinical AD? Would all preclinical AD cases eventually become demented if they lived long enough, or might some of these individuals enjoy protection from cognitive decline? Is it possible to develop more sensitive clinical detection methods so that AD can be diagnosed at an earlier stage than is now accepted? (The ability to assay or image cerebral β-amyloid deposits in cognitively normal individuals who are followed-up longitudinally for development of dementia would be extremely useful in addressing these questions.) Finally, we view amyloid deposition as the critical pathogenetic event for AD, but an alternative view is that the first AD lesion is neurofibrillary change in the form of NFTs in entorhinal cortex. This would imply that the appearance of even a single NFT marks the initiation of a cascade that culminates in recognizable AD. In this view, essentially all individuals older than 50 years of age might be considered to have preclinical AD, with the age at onset of symptoms being modulated by factors such as the presence of the ApoE-ε4 allele.
Despite these unresolved issues, I interpret the data in hand to indicate that older adults can remain nondemented and free of neuropathological AD, at least into the ninth decade of life. The brain changes of normal aging are distinguished from those of the earliest symptomatic stages of AD and from preclinical stages of AD (which lack sufficient neuronal degeneration to produce symptoms) by the absence of extensive β-amyloid deposition, which likely represents the initiating event for AD. In conclusion, although aging and AD are unquestionably related, the evidence suggests that they are distinct conditions and that AD is not inevitable with age.
